Dopamine is an important neurotransmitter that plays a role in the pathogenesis of anxiety and depression. Dopamine secretion occurs when there is a pleasurable stimulus. Blood dopamine levels have the potential to be developed as biomarkers of depression or anxiety, but previous studies related to the relationship between dopamine levels and levels of anxiety and depression are still controversial. The purpose of this study was to determine the correlation between anxiety and depression score with dopamine level in young adults.
INTRODUCTION
In line with technological advances, the public becomes more individualistic, and the level of depression and anxiety increases. Worldwide, the number of persons experiencing anxiety and depression from 2005 to 2015 increased by 15% and 18%, respectively. (1) In Indonesia, the number of mental cases is also on the increase, impacting on an increased national burden and decreased long-term human productivity. Data from Riskesdas 2013 showed that the prevalence of mental-emotional disorders as shown by the symptoms of depression and anxiety for the age group of 15 years and above attained around 14 million persons or 6% of the total Indonesian population, (2) whereas globally there was in 2015 an estimated 264 million inhabitants (3.6% of the population) experiencing anxiety and 322 million (4.4%) experiencing depression. Depression results in a 40 % higher early mortality than in the general population. Worldwide, a total of 788,000 persons in 2015 committed suicide due to depression. (1) There are various manifestations of anxiety disorder, depending on the type of anxiety. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), anxiety disorder may be in the form of mutism, phobia, social anxiety disorder, panic disorder, generalized anxiety disorder, and anxiety from certain illnesses and medications. The complaint of anxiety may be accompanied by somatic symptoms such as palpitations, shortness of breath, pain in the thorax, nausea, perspiration, tremors, choking, and anesthesia. (3) The symptom of anxiety frequently also occurs in patients with depression, although not invariably so. Depression is a mood disorder that causes sadness and affects feeling, thinking, and activities of daily living such as sleeping, eating, or working. (4) Up to the present, the diagnosis of anxiety and depression is based on subjective symptoms only and there are yet no specific biomarkers to be found, so that there are still patients with undiagnosed depression. (5) Any uncertainty of diagnosis results in the patients not receiving good management and treatment, so that their condition becomes chronic and they are at risk of more severe mental disorders. The biomarkers that are suitable for neuropsychiatric disorders may frequently be obtained from brain tissue or cerebrospinal fluid, but the procedure is relatively more invasive than drawing a blood sample. Therefore, there is a need for the development of blood biomarkers of depression or anxiety. (6) Biomarkers in the form of microRNAs (miRNAs) from blood samples of patients with schizophrenia have been identified to be significantly associated with the diagnosis and clinical manifestations of this disorder. (7) Administration of antidepressants also showed a significant increase in the expression of 28 types of miRNAs and a significant decrease in 2 types of miRNA. (8) The causative factors of anxiety and depression are nearly identical, comprising biologic (e.g. genetics, age, gender), psychological (e.g. cognitive factors, problem solving ability, and convictions), and social factors such as trauma, social support, and social skills. Depression may occur concomitantly with other serious disorders, such as cancer, heart disease, and Parkinson's disease. (4) The precipitating factor of anxiety may be other diseases such as diabetes mellitus. The pathophysiology of anxiety and depression is also much associated with neurotransmitter imbalance in the brain. (3) One of the essential neurotransmitters in the behavioral response to environmental stimulants that plays an important role in the genesis of anxiety and depression is dopamine. Dopamine is a precursor of norepinephrine (noradrenaline), and is the neurotransmitter involved in the regulation of movement, feeling, and motivation, so that an abnormality of the neurotransmitter will be associated with anxiety and depression. dopamine is produced upon stimulation of pleasure from Ltyrosine, that is converted to L-3,4-dihydroxyphenylalanine (L-DOPA) to form dopamine by means of the enzyme DOPA decarboxylase, also known as aromatic L-amino acid decarboxylase, which is secreted and binds to the dopamine receptors DR1, DR2, DR3, DR4, and DR5. Dopamine can be degraded by means of monoamine oxidase (MAO) and catechol-Omethyltransferase (COMT) into 3,4-dihydroxyphenylacetic acid (DOPAC) and 3-methoxytyramine (3MT). (9) Deficient production of dopamine results in decreased responsiveness to pleasure stimulation.
The neurotransmitter known up to now, i.e. serotonin, has been recommended as the target for treatment of depression by selective serotonin reuptake inhibitors (SSRI), but large-scale clinical trials failed to show improvement. (10) Therefore, the involvement of dopamine in anxiety and depression constitutes an important and novel perspective that should be studied further. The results of existing studies on dopamine and anxiety are still variable, such as that lack of dopamine may induce anxiety, (11) whereas administration of L-DOPA, which is the precursor of dopamine, may improve anxiety. (4) Medications that may lower dopamine function, such as dopamine antagonists, have been reported in connection with the occurrence of symptoms of social anxiety disorder. (12) There are many studies on the involvement of dopamine in depression and anxiety that are still conducted in experimental animals, since they involve the dopaminergic system in the brain. Depression is frequently associated with decreased dopamine secretion in the synaptic cleft of the accumbent nucleus or the ventral tegmental area, leading to decreased response to pleasure stimuli. (13) Although other studies showed the opposite, i.e. rats with depression and psychiatric disorders, experience an increase in dopamine level in certain regions of the brain, in comparison with normal rats. (14) The relationship between blood dopamine level and depression in humans is still subject to controversy. Studies on patients with depression showed that blood dopamine levels are lower than in persons without depression. (15) However, other studies showed that on the contrary dopamine levels are higher in persons experiencing depression. (16) Still other studies showed that dopamine levels are similar in patients with and without depression. (17) Administration of methyldopa, which is the enzyme for synthesizing dopamine, may induce depression. (3) On the other hand there is evidence that administration of dopamine agonists may improve depression. (10) Therefore, there is still a need for further studies in connection with the possibility of dopamine from blood samples being used as a biomarker of the level of depression or anxiety. The present study aimed to determine any correlation of blood dopamine level with the level of anxiety and depression in young adults.
METHODS

Study design
This study was of observational crosssectional design, using young adult subjects. The study was conducted from May to September 2018 in the Yogyakarta Special Region (Daerah Istimewa Yogyakarta).
Study subjects
The study subjects were adult males and females who agreed to participate in this study. The inclusion criteria were males or females, 18 up to 40 years of age, healthy, without severe illness. The exclusion criteria were lactating and pregnant females, smokers, consumption of LDopa or methyldopa. The condition of being healthy was determined from anamnesis that the respondent was in a condition of not having any symptom complaints or illness, and not having chronic disease.
Determination of sample size
The sample size for this study was calculated from the formula for sample size for correlation tests, which is {(Zα + Zβ) / 0.5 ln [(1+r)/(1-r)]} 2 +3, with an estimated moderate degree of correlation (r =0.6) and confidence level of 95%, power of 80%, with the addition of an anticipated number of drop-outs of 10%. The result of the calculation showed that the minimal sample size was 32. Recruitment of study subjects was by non-random consecutive sampling until the required minimal sample size was obtained. The investigators published the call for voluntary participation in the study through the Whatss App social media up to a given time limit and obtained 48 subjects. However, 5 subjects were prevented at the time of blood sample collection and ELISA assay, so that only data on 43 subjects were available for analysis.
Determination of anxiety and depression scores
The anxiety score is determined by means of the Beck Anxiety Inventory (BAI) questionnaire. The BAI score has been validated and its reliability tested, and may be used to determine the anxiety level in the clinic as well as in studies. (18) The BAI questionnaire consists of 21 items, where each item uses a 4-point Likert scale (0-1-2-3). The scores range from 0 to 63. Scores between 0-21 indicate mild anxiety, scores 22-35 indicate moderate anxiety, while scores 36 and over indicate severe anxiety.
The depression scores are determined with the Beck Depression Inventory-II. This instrument has been proven to be of good validity and reliability and may be used to assess the depression level in populations of healthy individuals as well as in populations of individuals with disorders. (15, 16) The questionnaire consists of 21 items on a 4-point Likert scale of 0, 1, 2, 3 and total scores between 0 and 63. Interpretation of the scores is as follows: scores 1-10 are normal scores, scores 11-16 indicate mild mood disorder, scores 17-20 mild depression, scores 21-30 moderate depression, scores 31-40 severe depression and scores higher than 40 extreme depression.
Assessment of dopamine
To each of the patients' venous blood samples EDTA was added, then the samples were centrifuged at 1000G for 20 minutes, and stored at -80 0 C prior to the ELISA assay. The microplate wells were filled with an equal volume of serum sample and assayed according to the standard protocol of DA (dopamine) ELISA kit catalog No.U0392D028 (FineTest, Wuhan, Hupei, China). The results of the ELISA assay were read on an ELISA reader at a wavelength of 450 angstrom. Eight different concentrations of purified DA (0, 1.562; 3.125; 6.25; 12.5; 25, 50, and 100 ng/ml were used to construct the standard curve. The dopamine concentration was calculated with the formula (y-0.893)/ -0.009.
Statistical analysis
Data on subject characteristics such as gender, education, and occupation were presented as total and frequency. Numerical data such as age, anxiety score, depression score, and dopamine score were presented as mean and standard deviation. The Kolmogorov-Smirnov test showed that the dopamine scores were normally distributed, but that the depression scores and anxiety scores were not. Therefore, the anxiety and depression scores were converted to an ordinal scale in accordance with the BAI guidelines, i.e. mild, moderate, and severe, and with the BDI guidelines, i.e. normal mood, mood disorder, and mild, moderate, severe, and extreme depression. Correlation was tested with the Spearman rho test. The level of significance used was 0.05.
Ethical clearance
The present study obtained ethical clearance from the Ethics Committee, Faculty of Medicine, Universitas Islam Indonesia, under number 48/ Ka.Kom.Et/70/KE/V/2018. Prior to the start of the study, the study subjects signed written informed consent.
RESULTS
Among the subjects participating in this study there were more females (62.8%) with mean age of 27 years. The most frequent educational level was S1 (48.8%), and the most frequent occupation was employee (27.9%) ( Table 1) . Although the dopamine concentrations were normally distributed, the results of the Kolmogorov-
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Smirnov test showed that the anxiety and depression scores were not normally distributed (p>0.05). There was a tendency showing that the higher the anxiety and depression, the lower the dopamine concentrations. This was proven from the Spearman rho, which showed a negative correlation between blood dopamine level and degree of depression as well as between blood dopamine level and degree of anxiety, with a low coefficient of correlation for anxiety and a moderate correlation for depression. (Table 2 ).
DISCUSSION
The results of this study showed that there was a correlation between blood dopamine concentrations and severe degree of anxiety, although the correlation was weak. Dopamine is released when a person performs a pleasurable activity. On the other hand, a person with anxiety cannot feel pleasure. (20) The results of the present study were in agreement with previous studies in experimental animals. Rat models of anxiety have lower dopamine levels than do normal rats. (21) However, other studies obtained different results, since in patients with internet addiction disorder and concomitant anxiety, the blood dopamine levels were not significantly different from those of healthy controls. (17) In contrast, studies in dogs found that plasma dopamine levels were higher in dogs with anxiety than in controls. (22) Dopamine is involved in the regulation of pleasure, but it is also involved in the regulation of other factors such as addiction, motivation, and motor movement. There are four dopaminergic pathways in the brain, i.e. the nigro-striatal, mesolimbic, mesocortical, and tuberoinfundibular pathways. The mesolimbic pathway is involved in the regulation of pleasure. (23) The blood dopamine level varies in the above-mentioned studies, because plasma dopamine level is also influenced by the dopamine secretion of sympathetic neurons, adrenal medulla, and neuroendocrine cells (amine precursor uptake and decarboxylation cells or APUD cells). These cells are found in the kidneys, leukocytes, and in both endocrine and exocrine glands of the pancreas. The blood dopamine level may increase due to stress, physical exercise, standing posture, and hypovolemia. This means that there are many factors that influence the blood dopamine level. Indeed, dopamine also plays an important role in glucose metabolism, weight regulation, and is said to play a role in protection against the proliferation of cancer. (24) Although there is evidence that anxiety may increase in patients with Parkinson's disease after the cessation of dopaminergic medications, not all patients with Parkinson's disease experience improvement of anxiety after consumption of L-DOPA (the precursor of dopamine). (25) Increased dopamine in the synaptic cleft as a result of administration of dopamine reuptake inhibitors causes behavioral effects such as anxiety. (26) In addition, other studies show that blood dopamine level cannot be equated with dopamine level in the brain. This is because dopamines in the blood cannot pass the blood brain barrier, (27) except in the form of dopamine sulfate. The existing studies are more about central dopamines. Further studies need to be conducted in connection with peripheral dopamines.
The results of our study showed a moderate correlation between low dopamine level and severe depression. Prior studies on patients with post-stroke depression also showed lower dopamine levels as compared with those without depression (OR:0.64, 95%CI: 0.45-0.91, p=0.014). (15) However, other studies showed no correlation between BDI scores in 50 subjects with depression and blood dopamine level (28) and no correlation of blood dopamine level with depression in patients with internet addiction disorder and concomitant depression in a study involving 20 patients and 15 controls. (17) In contrast, in a study on 342 women postpartum, blood dopamine level in those with depression was higher than in those without depression. (16) Similarly, studies on patients with major depressive disorder showed that the dopamine concentration as determined by gas chromatography-mass spectrometry (GC-MS) and liquid chromatography tandem mass spectrometry (LC-MS/MS) was higher than in healthy controls. (6) The existing studies on blood dopamine level and depression have still yielded variable results. In spite of this, there is evidence that administration of medications capable of increasing blood dopamine levels, such as tyrosine, amphetamine, and bupropion, may reduce the symptoms of depression. (23) The regulation of dopamine secretion in the brain is rather complex. Dopamine is secreted by the pedunculopontine tegmental nucleus and the laterodorsal tegmentum by reward or appreciation stimuli. Activation of the ventral subiculum (vSub) of the hippocampus also induces increased dopamine secretion through the nucleus accumbens that inhibits the action of the ventral pallidum. However, if there is hyperactivity of the infralimbic subregion (ilPFC), this will activate the ventral pallidum via the basolateral amygdala, leading to a reduction in dopamine secretion, such as occurs in experimental animal models of depression. (13) Dopamine neurotransmitters in the blood as biomarkers of depression are important for diagnosis and relatively simple to determine, but further studies are still necessary, because previous studies also showed that patients with medication-resistant depression who are treated with transcranial magnetic stimulation, experience increases in the level of dopamine metabolites in the brain, but there is no correlation between clinical improvement of depression and blood dopamine level. The measurement of neuroendocrine biomarkers such as dopamine is rather complex, in view of the rather widespread role of dopamine in the physiology of the body. (29) The limitation of the present study is that it did not determine brain dopamine levels, that so far has been demonstrated to be more associated with the pathophysiology of anxiety and depression. Further studies need to be conducted in connection with peripheral dopamines and their connection with anxiety.
CONCLUSION
Low blood dopamine level in young adults is correlated with a higher degree of anxiety and depression, but the correlation is weak for anxiety and moderate for depression.
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